Lectins are proteins of animal or plant origin which show specific binding to carbohydrate moieties. They are used in cell science as a means of identifying cell populations by recognising specific carbohydrate groups expressed by individual cell types and in a variety of experimental procedures ; some are potent mitogens (Damjanov, 1987) . There is increasing evidence that carbohydrate moieties act as receptor sites to initiate functional activities by cells and the lectin binding properties of individual cell populations may therefore be of importance.
The fetal placenta of the mouse is of the haemotrichorial type and includes 3 zones ( Fig. 1) , formed primarily of trophoblast, which are easily distinguished from each other using routine histological methods (Enders, 1965 ; Stewart, 1984) . The giant cell trophoblast zone lies adjacent to maternal decidua. The junctional zone consists of islands of glycogen rich trophoblast cells surrounded by a layer of Correspondence to Dr I. J. Stewart, Human Morphology, School of Medicine, University of Southampton, Biomedical Sciences Building, Bassett Crescent East, Southampton, SO16 7PX, UK. Tel. : j44 1703 594232 ; fax : j44 1703 594433 ; e-mail : ijs!soton.ac.uk nonglycogen rich trophoblast cells bathed in maternal blood. The junctional zone forms an irregular interface with the labyrinthine placenta which is the main placental zone, where nutrient exchange largely occurs. The labyrinthine placenta, the main zone for maternofetal exchange in the second half of pregnancy, comprises a layer of cytotrophoblast lining maternal blood spaces, 2 layers of syncytiotrophoblast and a layer of fetal endothelium lining blood vessels, all organised in a labyrinthine network. A varied amount of connective tissue supports the main umbilical vessels as they enter and leave the labyrinthine placenta. The fetal placenta thus consists of a large variety of cell types.
Many experimental procedures for investigating placental function require the preparation and subsequent culture of isolated cells from the fetal placenta, particularly the labyrinthine placenta. Apart from those of the giant cell trophoblast, distinguished by their large size, the individual cultured cell populations do not have sufficiently distinct mor- phological characteristics to determine their precise origin from within the fetal placenta (Stewart & Mukhtar, 1988) . This may hamper, or prevent, the effective use of experimental procedures using isolated cell populations. Differences in lectin binding patterns of placental layers, between species, have been reported previously (Jones et al. 1997) in animals with types of placentation which have fewer trophoblast layers than the haemotrichorial type found in rodents. We have therefore undertaken a study of the lectin binding properties of cells of the mouse junctional zone and labyrinthine placenta with a view to identifying lectins which will bind to individual cell populations. This study was extended to examine lectin binding properties of cells isolated from the labyrinthine placenta and junctional zone and maintained in culture for 24 h to assess the potential for identifying individual cell populations from heterogenous cell suspensions prepared from whole placentae.
In normal pregnancy, some labyrinthine layer 1 cytotrophoblast cells are killed by maternal bone marrow derived granulated metrial gland (GMG) cells. These cells, which differentiate in the decidua basalis and metrial gland of each implantation site, are suggested to remove aberrant trophoblast cells (Stewart, 1991) . The lectin binding characteristics of layer 1 labyrinthine cytotrophoblast was therefore examined to identify differences in carbohydrate expression by those layer 1 cytotrophoblast cells lying adjacent to GMG cells within the maternal blood spaces which may provide indicators of the molecular expression which triggers cytotoxic activity against trophoblast targets.
  

Animals
Virgin female random bred Porton mice or MF1 mice aged 8-12 wk were mated overnight with males of the same strain. The presence of a vaginal plug the following morning was taken as d 0 of pregnancy. Mice were killed by cervical dislocation on d 14 of pregnancy.
Tissue preparation for light microscopy
Uterine horns were dissected and fixed by immersion in 10 % neutral buffered formalin for 24-48 h. Individual implantation sites were washed in phosphate buffer, dehydrated in a graded series of alcohols, cleared in chloroform and embedded in paraffin wax. Transverse sections (5 µm) were mounted on glass slides, dewaxed in xylene and rehydrated. Some sections were then stained with haematoxylin and eosin or reacted with the periodic acid-Schiff (PAS) technique, with or without prior digestion in diastase, counterstained in haematoxylin and examined by bright-field microscopy. These sections were used as reference sections to assist with the interpretation of placental regions. Other sections were reacted with lectins as described below. For each lectin, sections were examined from at least 3 mice and from at least 2 implantation sites from each mouse.
Preparation of single cell suspensions of trophoblast cells
Labyrinthine placental cells were prepared for cell culture as described previously (Stewart & Mukhtar, 1988) . Briefly, uteri were removed under aseptic conditions and each uterine horn was opened by a midline incision along the antimesometrial uterine wall in Ca# + and Mg# + free Hanks' balanced salt solution (Flow Laboratories, Irvine, CA). Individual yolk sacs were separated from the placentae and the embryos were immediately killed by decapitation. The fetal placenta at each implantation site was peeled from the decidua basalis. Any remnants of decidua basalis, giant cell trophoblast and junctional zone trophoblast were cut from the placenta. The remaining labyrinthine placenta was diced with a sterile blade and transferred to a Hanks' solution containing 0n10 % collagenase (Type I, Sigma, Poole), 0n10 % trypsin (Type II, Sigma), 100 IU\ml penicillin and 100 µg\ml streptomycin. The mixture was incubated 
ABA
Agaricus bisporus
Gal, galactose ; Man, mannose ; Glc, glucose ; GlcNAc, N-acetylglucosamine ; GalNAc, N-acetylgalactosamine ; NeuNAc, N-acetyl neuraminic acid.
for 60 min at 37 mC with continuous gentle agitation provided by a magnetic stirrer. After incubation, the cell suspensions were filtered through a 100 mesh gauze to remove clumps and the cells washed twice by centrifugation and resuspension in Hanks' solution without enzymes. The cells were given a third wash by centrifugation and resuspended in culture medium consisting of Minimum Essential Medium (Eagle) with Earles salts (Gibco, Paisley) supplemented with 10 % heat-inactivated fetal calf serum (Seralab, Crawley Down, UK), 0n058 % -glutamine, 100 IU\ml penicillin and 100 µg\ml streptomycin. The cells were finally resuspended in culture medium and counted in a haemocytometer. Their viability was assessed by trypan blue exclusion and only those preparations which showed 90 % viability were used in subsequent cultures. Aliquots of labyrinthine cells were cultured at 37 mC in a humid atmosphere of 5% CO # in air. After 24 h, the cultures were washed in phosphate buffered saline then fixed in 10 % neutral buffered saline prior to the application of lectins as described below. Fixed unstained cultures were examined by phase contrast microscopy. For each lectin, cultures of labyrinthine placental trophoblast cells from 5 mice were exposed to each lectin.
Lectin histochemistry
Twenty six FITC-or TRITC-conjugated lectins (Sigma or EY Laboratories) were used. Details are given in Table 1 .
Rehydrated wax sections were washed in 0n1  Trisbuffered saline pH 7n4 containing 0n2 % CaCl # (TBS) and mounted in a Shandon Sequenza immunostaining centre. Sections were incubated with 100 µl of lectin solution for 30 min at room temperature. Lectins were used at a concentration of 50 µg\ml in TBS. The sections were washed 3 times in TBS and mounted in a phosphate buffered saline-glycerol mixture. Control sections were incubated with lectin (50 µg\ml) in a 0n3  solution of the appropriate inhibitory sugar. These mixtures were prepared 30 min before applying to the sections. Some sections were mounted without incubation in lectin solution. Cell cultures were subjected to the same protocol. The sections or cell cultures were examined in an Olympus phase-contrast fluorescence microscope fitted with a BH-DMUB dichroic mirror.

Tissue sections
Many of the lectins used in the present study bound to one or more cell populations in the mouse placenta. A summary of the results obtained is given in Table 2 . Some variation in staining intensity of lectin binding was found between replicate sections from the same or different blocks of tissue and we therefore made no attempt to assess the intensity of lectin binding semiquantitatively. Sections incubated in the lectininhibitory sugar mixtures were negative and no autofluorescence was seen in sections not exposed to lectin-containing solutions.
In the labyrinthine placenta a broad range of lectins, with a wide range of sugar specificities, bound to layer 1 trophoblast cells which line the maternal blood spaces (Table 2) . Binding by these lectins, including WGA (Fig. 2) , appeared to be strongest on the adluminal membrane of the trophoblast cells. The lectins, including WGA (Fig. 2) , which bound to the endothelium lining the fetal capillaries within the labyrinthine placenta were similar to those found to bind to layer 1 trophoblast cells, except for MPA (Table 2) . Again, the strongest binding of lectin appeared to be to the adluminal membrane of the endothelial cells.
The syncytiotrophoblast layers which make up layers 2 and 3 of the labyrinthine placenta are so tenuous that it is impossible to resolve the individual syncytial layers and any intercellular space between them with the light microscope. Consequently, in the present study we were only able to assess lectin binding in the combined regions of layers 2 and 3 of the labyrinthine placenta. Several lectins bound to components within this combined layer 2 and 3 region and within the limitations of the technical approach the distribution of lectin binding was similar between lectins. One lectin, PWM, bound to the combined layer 2 and 3 (Fig. 3) but did not bind to other components of the labyrinthine placenta or junctional zone placenta.
Junctional zone trophoblast bound a more limited range of lectins than the other cells of the placenta but those lectins which bound junctional zone trophoblast also bound to components of the labyrinthine placenta ( Table 2 ). The lectin PEA bound strongly to the cell membrane of junctional zone trophoblast (Fig. 4) but DSA expressed more diffuse cytoplasmic labelling at low intensity (Fig. 5) . MAA bound strongly to labyrinthine placental trophoblast but showed no binding to junctional zone trophoblast (Fig. 6) . We found no differential lectin staining between cells of the junctional zone trophoblast layer.
When maternal GMG cells were identified in the lumina of maternal blood spaces in the labyrinthine placenta there was no apparent variation in the lectin expression in adjacent layer 1 cytotrophoblast.
Cell cultures
The morphology of the cells present in cell cultures of labyrinthine placenta was similar to that found in an earlier study (Stewart & Mukhtar, 1988) . Close examination of cell cultures showed that all cultures contained cells which had bound lectin and some cells which had not. Cultures incubated in the lectininhibitory sugar mixtures were negative, or had greatly reduced intensity of lectin binding. No autofluorescence was seen in cultures not exposed to lectincontaining solutions.
When the cultures were examined for lectin binding in relation to the specific categories of cells, as described by Stewart & Mukhtar (1988) using morphological criteria, binding was found to vary between the categories of cells (Table 3) . These binding patterns were consistent between experiments. Within the morphological categories used there was some variation in lectin binding (Table 3 ). This variation was largely an unbound-bound variation rather than a variation in intensity of lectin binding. More specifically, WFA (Fig. 7) and DSA bound to all cultured cells but the other lectins studied, including VVA (Fig. 8) , PWM (Fig. 9 ) and SNA were more restrictive in the cell categories to which they bound. DBA bound to few cells in the placental cell cultures (Table 3) . However, a few rounded cells were found in some cultures which bound DBA strongly (Fig. 10) to both membrane and cytoplasmic inclusions. These cells were identified as GMG cells.

Many of the lectins used in this study bound to one or more of the cell populations which form the mouse placenta. There was a wide range of lectin binding to these cell populations with affinities ranging through galactose, mannose, N-acetylgalactosamine, N-acetylglucosamine and sialic acid residues, but not fucose. Previous studies have used morphological criteria to identify populations of cells isolated from the mouse placenta (Stewart & Mukhtar, 1988) . Immunohisto- 
chemistry has also been used to identify trophoblast cell populations (Zuckermann & Head, 1986 ) but although immune markers for trophoblast have been identified these do not allow for characterisation of the trophoblast subpopulations. An aim of the current study was to determine the lectin binding properties of the cells within, and between, the different compartments of the mouse placenta with a view to identifying lectins with binding properties which could be used to distinguish the different cell populations. Within each cell population there was a consistency of lectin binding within each tissue section, and also between specimens. However, none of the lectins used bound to any one cell population only, thus excluding any of the lectins used in this study as cell specific markers.
The lectin binding characteristics of cultured placental cells, when assessed in relation to the morphological groupings identified in a previous study (Stewart & Mukhtar, 1988) showed that there was no within group consistency in lectin binding. No placental group had a unique lectin binding characteristic. Within some morphological groups there were cells which bound lectin and other cells which did not bind the same lectin (Table 3 ). This may indicate that the morphological groupings described previously by Stewart & Mukhtar are inadequate to subdivide the cultured cells on the basis of the placental region of origin. Overall, however, our results indicate that, at least as far as the lectins used in the current study are concerned, the lectin binding characteristics of cultured placental cells, by comparative analysis with histological sections exposed to lectin, do not provide a means to identify the cellular layers within the placenta from which each population of cultured placental cells is derived. The strong binding of DBA to a few cells in the cultures which were identified as GMG cells is not unexpected in view of the known presence of these cells in the maternal blood spaces of the labyrinthine placenta at the stage of pregnancy studied (Stewart, 1990 ) and the known strong binding of this lectin to mouse GMG cells (Damjanov & Damjanov, 1992 ; Stewart & Webster, 1997) . Their presence in our placental cultures is a reminder of the need to consider the leucocyte population which, although transitory in vivo, can become part of the resident culture population with continued opportunities to influence functional activity.
The lectins VVA, WFA, JAC and PWM generally bound to a broader range of cultured cells than was found in sectioned material of whole placentae. The extent of these differences suggests a change in the carbohydrate expression of placental cells when they are isolated and cultured. It is possible that the process of preparing the cell isolates stripped the cells 
of some carbohydrate moieties which they were unable to regenerate in vitro. Some carbohydrate moieties found in sectioned material, which were associated with extracellular matrix components in vivo, may not have been re-established in the in vitro culture system used. Alternatively, it may be that cells from the morphological groupings express different glycoprotein moieties in vivo and when cultured, reflecting a difference only in functional status rather than in region of origin. Whatever the reason, such changes in carbohydrate expression raise obvious concerns about the suitability of using enzyme treated isolated cells to assess the functional activities of trophoblast cell populations.
The lectins used which bound to layer 1 cytotrophoblast lining the maternal blood spaces of the labyrinthine placenta also bound to the fetal endothelial cells of the labyrinthine placenta (Table 2) . This may indicate a common expression of carbohydrate moieties exposed to the circulating maternal and fetal blood. Although DSA, Con A and PEA bind to junctional zone trophoblast, the majority of the lectins which bound to layer 1 labyrinthine trophoblast and the fetal endothelium did not bind to junctional zone trophoblast (Table 2 ). This indicates that the majority of the carbohydrate moieties expressed by these cells are not associated with general house keeping duties related to interaction with blood but may have more specific roles associated with the regions in which they are located. Some of the carbohydrate moieties expressed by layer 1 labyrinthine cytotrophoblast and fetal endothelium, par- ticularly where intensity of lectin binding was found to be greatest on the adluminal membrane may be active in specific molecular sequestration from their respective circulations. The carbohydrate residues at these sites are therefore particular targets for functional studies concerned with placental transport.
The binding properties of some lectins, including Con A and PNA in this study of the mouse placenta were similar to those reported in the rat placenta (Bulmer & Peel, 1996) . Other lectins expressed different binding characteristics, such as HPA which bound to labyrinthine placental cells in the current study of the mouse placenta but did not bind to the labyrinthine placenta of the rat (Bulmer & Peel, 1996) . The differences in expression of carbohydrate moieties which these binding profiles provide, offer valuable tools for comparative studies of placental morphogenesis and function. The expression of α galactose residues which bind GSA 1 lectin has been associated with trophoblast migration in the human (Foidart et al. 1990 ). In the rat, the GSA 1 binding to junctional zone trophoblast supports the suggestion of a role of α galactose residues in trophoblast invasion (Bulmer & Peel, 1996) . It is therefore of interest that in the current study of the mouse placenta, where no interstitial or endovascular trophoblast invasion occurs, that no binding of GSA 1 to junctional zone trophoblast was identified.
In the labyrinthine placenta of the mouse, interactions occur between layer 1 cytotrophoblast and maternal bone marrow derived GMG cells (Stewart, 1984 (Stewart, , 1990 which have migrated from the decidua basalis, or the metrial gland at the base of the mesometrium, where they differentiate (Stewart & Peel, 1978) . These interactions can result in the killing of the trophoblast cells by GMG cells (Stewart, 1984 (Stewart, , 1990 ). The precise mechanisms which are involved in these interactions are unclear but it is possible that the carbohydrate moieties identified in the current study have a role and this will be pursued in future studies. We found no evidence of any lectin binding only to layer 1 labyrinthine cytotrophoblast cells lying adjacent to a GMG cell in the lumen of a maternal blood space. However, the possibility that a failure to express, or a reduced expression of, a particular carbohydrate group, or an associated protein, may trigger cytotoxic intervention to remove the cell can be explored and the lectin binding characteristics of layer 1 labyrinthine cytotrophoblast identified in the current study provides the basis for blocking studies of the cytotoxic activity mediated by GMG cells.
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